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Abstract 

Quantum electrodynamics with massless fermions (quantons) has been extended 



^ ■ to include scalar coupling between two boson fields. New features are observed: 

o : 

, 1. A term with derivative coupling appears in the Lagrangian, which leads to the 

. long sought confinement potential known in hadronic systems. 2. Divergences in 

I— i' boson-exchange matrix elements disappear, giving rise to solutions in full space. 

^ |. 3. The scalar boson coupling allows a reduction of the formalism to three dimensions, 

Qh' from which the mass and static properties of stationary systems can be extracted. 
(D ■ 

I Application of this model to the hydrogen atom and positronium as well as to the 

. lowest scalar meson cr(600) yields a quantitative description of basic properties of 

Kf" ■ these systems. 

!>■ ■ PACS/ keywords: 11.15.-q, 12.40.-y, 14.40. Cs, 31.15.Ne/ Extension of QED by 

CN ■ scalar coupling between gauge bosons. Confinement and boson-exchange potential. 

' Application to the hydrogen atom and positronium, structure of the (t(600) meson. 

. In spite of large successes of the Standard Model of particle physics [1] (SM), constructed 

^ I from different gauge theories, quantum electrodynamics, weak interaction theory, and 

■ quantum chromo dynamics, this model is not really satisfactory in the understanding of 

nature. There are severe problems with gravitation, which cannot be included in the SM, 
(Dirac) neutrino masses are zero in conflict with neutrino oscillation results, and further 
the flavour families of leptons and hadrons are not understood. Therefore, extensions 
of the SM are of large current interest. Among these models grand unified theories, 
in particular of supersymmetric structure (SUSY) have received special attention, see 
e.g. the discussion in ref. [I]. In SUSY new particles are predicted with large masses. 
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which are currently subject of intense searches in high energy experiments at Tevatron 
and LHC ref [2J. But so far evidence for these particles has never been found. 

In the present paper a very different generalisation of a Lagrangian for fundamental forces 
is presented, the inclusion of scalar coupling of elementary boson fields in quantum elec- 
trodjTiamics (QED) with masslesj^ fermions (quantons, q). This approach is guided by 
experimental observations of strong scalar fields in hadron structure [H 0] and scatter- 
ing O |6], in particular at high energies, where the cross section is dominated by (scalar) 
Pomeron-exchange ^j. Also, such a Lagrangian allows a description of static properties 
of stationary states, as radii and form factors, in a fully relativistic framework. 

To take into account the scalar boson degree of freedom in QED, the Lagrangian has to 
include in addition to the gauge boson field A^^ a scalar coupling of two boson fields A^A^, 
which leads to £ = Z7^D^(D^D'^)^ - where m is a mass parameter and 

\E' a massless fermion (quanton, q) field. This is generally a two component field with 
charged and neutral quantons, but here only charged quantons are considered with charge 
coupling g = g^. The covariant derivative is given by -D^ = d^—igA^ and the field strength 
tensor by F'^^ = df'A'' - d^Ai". 

This Lagrangian includes higher derivatives of the fermion fields through gauge invariant 
scalar boson coupling. Such Lagrangians are known to lead to severe problems, if they are 
not constrained, see eg. ref. [8]. If fields and their derivatives appear in the Lagrangian, 
Heisenberg's uncertainty principle may not be respected, resulting in unphysical solutions, 
which may be unbound from below, violate unitarity and give rise to ghosts. Unphys- 
ical solutions can be avoided, if by appropriate physical constraints only fields or their 
derivative appear, but not both. 

In the above Lagrangian one may introduce a symmetry between fermions and one boson 
field 

= {d'' - igA") = constant = 1 , (1) 

which yields 

did" - igA") = dd" - igdA" = 0. (2) 
Eq. (P) gives rise to a constrained Lagrangian in the form 

£ = t^.D^'D.^il - -F.^F^'' . (3) 
m 4 

^with a negligible mass with respect to the mass scale of particle physics 
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The first term of tlie Lagrangian ([3]) can be written by 

m 

= hJd^d^ - igA^d^ - igA^'d^ - g^A^AJ * . (4) 
m 

Eq. ([2]) shows that the two first terms in the bracket cancel. By inserting the relation ([1]) 
in inverse form one obtains 

£i = ij^id'' - igAnHgA^^d, - g^A^A,] ^ 

= l-ig^d^d, - igd'A,)A^ - g^A'^d.A" + ig"" A^' A.A''] ^ . (5) 

Again the first two terms cancel and the Lagrangian ([5]) reduces to the following two 
terms 

C2g = 4|- ^^,A^{d,A'^)-^ (6) 

and 

£39 = ^ ^'7m^^(^.^")* • (7) 

These two pieces of the Lagrangian Ci do not have derivatives of the fermion field. Further, 
the derivative of A^ appears in £23, but this field appears in C^g only in combination with 
another boson field. Therefore, the problems of higher derivative Lagrangians are avoided. 
This is confirmed in the application to atomic and hadronic bound states, which leads 
to stable physical solutions, as discussed below, without ghost solutions or violation of 
unitarity. Concerning the renormalisability of the Lagrangian, which is generally not 
possible, if a mass factor with exponent > 1 appears in the denominator, it will be shown 
that the present Lagrangian leads to finite matrix elements and therefore renormalisation 
is not needed. 

To study bound state properties arising from the above Lagrangians ([6]) and ([7]), ground 
state matrix elements of field operators K have to be calculated. First order matrix 
elements may be written in the form < g.s.\ K{p'—p) \g.s. >~ ipip') K{p' —p) ip{p), where 
ip{p) is a two-quanton wave function ip{p) = {p)"^ (k) and K{Ap) a kernel directly 
related to the multi-boson field operators of the Lagrangians ([6]) and ([7]). In principle, a 
Lagrangian with three-boson coupling could lead to a complicated structure of the kernel 
with propagation of three bosons. However, the fact that the field symmetry ([T]) requires 
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a velocity distribution of the quanton field within the product of two boson field, the 
two-boson field can be regarded as a background field in which for the case of 

L^g a vector boson propagates. This is also important for the derivation of a geometric 
boundary condition (see below). Further, this avoids problems with causality and allows 
to go back to QED for all problems not directly connected to bound states. 

In the language of Feynman diagrams the background field w{q) may be viewed as two 
boson lines emitted and reabsorbed in the quanton field, leading only to a renormalisation 
of the wave function. includes only two boson fields and is interpreted in the Feynman 
picture as a qq contact term. 

Interestingly, the Lagrangian £29 does not appear in normal gauge theories. The corre- 
sponding kernel is dynamically generated by the two-boson field w{q). By applying the 
derivative operator dw{q) twice, a matrix element is obtained in the form 

M2g = :^ilj{P'h„ d^w{q)d''w{q) g^p ^ptpip) (8) 

with a = g^/4:7!- and p'—p = q. By contraction of the 7-matrices to g^^p = |(7/x7p+7p7/i) |9] 
and reduction to three dimensions [10], M2g may be written by 

M2g = HP') T,g{q) m (9) 



with T2g{q) = ^ {dw{q) / dqY , which appears to be a kinetic energy term. Transformed 
to coordinate space x, this term can be identified with the kinetic energy of a Hamiltonian 
with the form 

- S/^w{x) + V2g{x) w{x) = E, w{x) , (10) 

where w(x) is the two-boson wave function and E the mean energy of the scalar field. 
From this Hamiltonian, the potential V2g{x) can be calculated by assuming that the lowest 
eigenstate Eq is the absolute vacuum with energy Eo = E^ac = 0. This leads to 

V^gix) = -—^VM^)—- . (11) 
2m-^ w[x) 

In spherical coordinates this potential is given by 

. . a^^^E'^ / d^w(r) ^ 2 dw{r) ^ 1 ^^^^ 
2m^ ^ (ir^ r dr ' w{r) 

Interestingly, the dynamically generated potential V2g{r) allows a production of gg-pairs 
out of the vacuum of fiuctuating boson fields, if two boson fields overlap. As shown below. 
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this new type of potential can be identified with the long sought "confinement" potential, 
required in hadron potential models [12] . The question of a vector or scalar structure 
of the confinement potential can be studied, see ref. [U], by looking at the splitting of 
p-wave states in charmonium and bottonium. From the existing data a mixing of vector 
and scalar structure is found, consistent with the structure of the Lagrangian ([6]). 

For we obtain a matrix element of the form 

M^, = w{q)^-^^'^w{q) 7p^(p) (13) 

with the condition p' — p = q + pi = P. f{pi) is the probability to combine P and q to —pi 
and has three important consequences: First, it damps out divergencies when pi — )■ 0: in 
this case q P, which is not very likely compared to all other momentum combinations, 
and we expect f{pi) 0. Second, it damps the matrix element for P — )■ 0. This situation 
requires q — )■ —pi, which is also suppressed and leads to a finite value of Aisg. Finally, 
it damps out divergencies for pi ^ 00. This can be seen in the Fourier transform of the 
corresponding potential in r-space discussed below. These arguments indicate that the 
Lagrangian (JTj) does not lead to divergencies in the boson-exchange matrix element for 
Pi and 00 and therefore yields solutions in full space. 

Contracting the 7-matrices as above and reducing eq. ( 1T3|) to three dimensions, it can be 
written by 

Msg = ^PiP') Vsg{P) m , (14) 
where V3g{P) is a Coulomb like potential of the form 

VJ,(P) ^ Z|! . (15, 

As compared to the Coulomb potential from standard gauge theory, eq. (fT5|) has 
coupling, but no divergencies for pi —> and 00. 

Fourier transformation of V3g{P) ( 1T5|) leads to a folding potential 

V,^Jr) = ^ [dr'p{r')Vg{r-r') , (16) 



where p(r) is a two-boson (quasi) densitjoof a vector state (Fourier transform of the square 
of the two-boson momentum distribution w{q): p{r) = 2ti / [m^h'^) J pdp jo{pr) w{pY) and 



^ p{r) has dimension fm ^ due to the dimension GeV^ of the two-boson field. 
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Vg{r) an effective boson-exchange interaction given in r-space by Vg{r) = —a^h^-^. For 
a qq system in a scalar state (J'^ = 0'*'), angular momentum L=l is needed. Therefore, 
for this case a p-wave density is required in eq. ( fT6|) . which is related to p(r) by 

(f) = pP{r) $) = (! + m d/dr)p{r) Y,,^{9, $) . (17) 

/3R is determined from the condition < rpp > = J dr rp^{r) = (elimination of spurious 
motion). This yields a boson-exchange potential given by 

Vigir) = 4 / rff y(r-") Y,,mie',^') Vgif-f')=An^ [ dr'ff{r') Vg{r - r') . (18) 

Further, a geometrical boundary condition, probably related to the field symmetry ([T]), is 
assumed, which restricts boson-exchange to the overlap density p(r) of two boson fields 

Vig{r) = c,ot p(r) , (19) 

where Cpot is a proportionality factor (with dimension GeV fm?). A consequence if this 
is that < Ty^^ >=< >. This boundary condition allows to determine the form of p(r), 
further, it requires that Vg{r) is finite for all values of r (this was already concluded from 
the combination of the different boson momenta in eq. (fT3|) ). To achieve this, a form of 
the boson-exchange interaction was used 

Vg{r) = Us{r){-a^hlr)e-^'- (20) 

with fas{r) = (e^'^'')" - l)/(e("^)" + 1). As fas{r) ^ for r ^ and e'"'' ^ for r ^ oo 
there are no divergences in Vg{r). A transformation of fas{r) to momentum (Q) space 
leads to fas{Q) ^ for Q — t- oo. Interestingly, a similar behaviour of the interaction 
is needed to understand the high momentum behaviour of the strong interaction. In 
quantum chromodynamics (QCD) this is reahzed by a decreasing coupling a{Q) related 
to the property of asymptotic freedom [13]. 

With the above constraint ( IT9l) the self-consistent two-boson density is obtained of the 
form 

p(r) = p„ [exp{~{r/bY}]'^ with k ~ 1.3 - 1.5 . (21) 

This density should be related to the two-boson wavefunction w{r) in the Hamiltonian, 
see eq. ( ITOl) . by p(r) = w^{r). Inserting this density in eq. ( IT2l) yields the explicite form 
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of the confinement potential 



2m? 



^i^AM'^(^r-('^+i)]j ■ (22) 



Tfie mass of the system may be defined in our model by the energy to balance binding 
(this is also the way hadron masses are observed). This yields 

M„ = -E;, + ^2^" , (23) 

where £"33 and E:^ are the binding energies in V^g{r) or V^^ir) and V2g(r), respectively, 
calculated by using a mass parameter m = 1/2 M. In principle, M should be the mass 
weighted over different states of the system. However, since this weighting is not known, 
m = 1/2 M is used, where M is the ground state mass of the system. This allows to 
use the additional constraint M = Mi. The mass contributions due to excited states is 
included in E, which is used as fit parameter. 

Concerning the binding energies, E^g is negative. Since the qq pairs are massless, the 
averaged energy over different states E^g can be related to the mean square momentum 
< Qp > oi p{r) by the energy-momentum relation E^ac = = w < > + E^g- This gives 



Esg = -^<Ql>, (24) 

which is used as another constraint in the calculations. The binding in V3g(r) does not 
correspond to real mass generation. However, the binding energy E2g is positive. This 
allows creation of stable particles out of the absolute vacuum of fluctuating boson fields, 
if two rapidly fluctuating boson fields overlap and trigger a quantum fluctuation with 
energy E2g. 

An effective coupling constant of 1/137 is used for atomic systems, whereas for the 
hadronic case a is determined by matching the mass to the lowest binding energy in 
eq. ([23]). 



As a test case, an application of the above formalism is discussed for the lowest bound 
states in the hydrogen atom e~ — p and positronium e"*" — e~, which have been studied 
in very different approaches, the Bohr model, non-relativistic Schrodinger equation, rel- 
ativistic Dirac equation and different QED methods. For atomic systems the q-q bound 
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Table 1: Results for e — p and e"*" — e bound states. Binding energies, m and average 
Q in eV, root mean square radius and b in pm, c and a in pm~^. 



System 


-Esg (scalar) 


Egg (vector) 






< ^2 >V2 


Rsohr 


1. — p 


-13.6 


-3.4 


-13.6 


-3.4 


57 


53 


2. e+ - e" 


-6.8 


-1.7 


-6.8 


-1.7 


114 


106 





K 


b 


c 




a 






a 




m 


E 


< ^2 ^1/2 
P 




1.3 


0.14 10^ 


1.2 10- 


-4 


1.2 10" 


-3 





86 


1/137 


6.9 


0.16 


16500 


final 




0.47 10^ 


3.8 10^ 


-2 


1.6 10- 


-1 





86 








57 


2*) 


1.3 


0.24 10^ 


0.7 10- 


-4 


0.7 10- 


-3 





86 


1/137 


3.4 


0.08 


28700 


final 




0.94 10^ 


2.0 10- 


-2 


0.8 10- 


'1 





86 








114 



parameters without recoil mass correction. 



state energies are much smaller than the masses of the participating particles. Therefore, 
the potentials V3g(r), given by eqs. ( IT6l) and (flSjl and V2g{r) ( l22l) have to be modified 
by the reduced mass fi = mim2/{mi + 7712) of the system (with mi = mg and m2 = mp 
or me for the two cases considered). In the present generalised form of QED no further 
corrections have to be applied. 

First, interaction potentials ( 1T6|) and ( IT8l) for scalar (Is) and vector (2p) q-q states were 
calculated (without recoil corrections due to the masses mi and 1712). The slope parameter 
b was adjusted to give the known binding energies of the 2p-state. The resulting inter- 
action parameters c, a, a and are given in table 1. The differences in the parameters 
between the e~ —p and e'^ — e~ system are entirely due to the fact that the reduced mass 
/X differs by a factor of two. 

Results for the e~ —p bound state system are given in fig. 1. The low-radius cut-off function 
fas{f^) and the relative boson-exchange interaction Vg{r) are shown in the upper part by 
the dashed and solid line, respectively. A comparison of the boson-exchange interaction 
with the Coulomb interaction, given the dot-dashed line, shows only deviations at small 
and large radii, indicating that the resulting spectrum does not deviate much from that 
generated by the Coulomb potential. The boson-exchange potential is finite for r — )■ 
and 00, therefore, solutions exist in the infrared and ultraviolet momentum region and do 
not require non-relativistic or perturbative approximations. 
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In the middle part of fig. 1 a comparison of the two-boson density (dot-dashed hne) 
with the boson-exchange potential (solid line) is made. One can see that by the choice of 
parameters in table 1 both quantities are in close agreement, as required from relation ( fT9l) . 
The 'confinement' potential V2g{r) is shown in the lower part, which has a radial structure 
very different from the boson-exchange potential V^glr). It is very flat and can be well 
approximated at larger radii by a linear form. Due to its flatness and the fact that it 
has negative and positive values in different regions of r, the corresponding bound state 
energy is only 0.4 10"'^ eV. Therefore, its contribution to the binding energy of the 
system is completely negligible. 

The resulting binding energies for the Is and 2p states are given in table 1. They are in 
good agreement with the known binding energies [H]. Also the binding energies for the 
2s state of -3.4 eV and 3s and 3p states of -1.51 eV for hydrogen and the corresponding 
binding energies of -1.7 and -0.755 eV for positronium are consistent with experiment. 
The factor two between hydrogen atom and positronuim is due to the different reduced 
masses of the two systems. Consequently, in the first case the root mean square radius is 
smaller by a factor 2 (with some numerical uncertainty). 

In a second step, the recoil due to the p + e~ and + e~ masses has been taken into 
account. This has been done by modifying the radial densities, using a mass parameter 
171 = 1/2 M = 1/2 (yU — E^g + E2g), with the reduced mass fi defined above. The resulting 
parameters are also given in table 1 with the label 'final'. For the e~ + p system the 
corresponding two-boson density and boson-exchange potential are shown in the upper 
part of fig. 2 by dot-dashed and solid line, respectively, which are strongly compressed in 
radius with respect to the same quantities in fig. 1. Again one can see close agreement 
between p(r) and V^g{r)/cpot, as required from relation f|T9|) . In the middle part of fig. 2 the 
Fourier tansformed quantities are given. In transforming the two-boson density and boson- 
exchange potential (fT8|) to Q-space agreement is obtained only, if the process gg qq is 
elastic and consequently the created gg-pair has no mass. Thus, our formalism requires an 
interaction between massless fermions (quantons). The recoil compressed 'confinement' 
potential is given in the lower part of fig. 2. Here the contribution to the mass is enhanced 
but still two orders of magnitude smaller than the contribution from V3g(r). 

Of interest is also the radial extent of the bound state systems in question. The root mean 
square radius for both systems is very close to the Bohr radius (see table 1). However, we 

9 



see in the upper part of fig. 2 that the density falls off quite smoothly and is already quite 
reduced at the rms radius. Therefore, a much smaller radius at full width half maximum 
Rfwhm of 20 pm and 40 pm is extracted for system 1 and 2, respectively. Interestingly, 
the average radius R = J p{r)r'^dr/ J p{r)rdr of 36 pm for the hydrogen atom is in good 
agreement with the covalent radius of 31 ±5 pm [15] . 



A second evaluation of the above formalism is discussed for the lowest scalar mesonic 
system cr(600), which has only recently been settled experimentally [16j. For hadrons 
usually QCD is applied, however, the fact that hadrons are colour neutral and the correct 
confinement potential [12] is obtained in our formalism (as seen below) suggests that a 
treatment in the quanton model is justified. A detailed comparison with QCD will be 
discussed in a forthcoming paper. 

Results on the effective interaction, the two-boson density and the boson-exchange po- 
tential are given in fig. 3 and table 2. Similar to the first case, the slope parameter b has 
been adjusted to give the mass of the lowest scalar state. In the upper part of fig. 3 the 
low radius cut-off function /as(r) and the effective boson-exchange interaction is given by 
the dashed and solid lines. We see a quite similar behaviour as for the atomic system in 
fig. 1. In the two lower parts a comparison of the two-boson density (dot-dashed lines) 
with the boson-exchange potential (solid lines) is made. By the choice of parameters 
in table 2 both quantities are again in close agreement, as required from relation (fT9|) . 
Also in the Fourier transformation of two-boson density and boson-exchange potential to 
Q-space agreement can be obtained only, if the elementary fermions are massless. 

However, very different from the atomic systems the 'confinement' potential V2g{r) is 
much stronger, although the relative shape is quite similar. This is shown in fig. 4. It 
has the same form as the known confinement potential Kon/ = —<y/r + I ■ r deduced 
from potential models [I2] and the lattice data of Bali et al. [17] (solid points). Further, 
this potential is similar for other solutions of smaller or larger radii and can therefore be 
identified with the 'universal' confinement potential in hadrons. It is important to note, 
that the potential ( l22l) reproduces the 1/r -|- linear form without any assumption on its 
distance behavior; this is entirely a consequence of the deduced radial form ( 12T1) of the 
two-boson density. 
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Table 2: Results for (t(600) and higher excited scalar mesons in comparison with known 
O"*"^ mesons [1] . Masses and average Q in Ge V, mean radius square in fm^ . The parameters 
given in the lower part (b in units of fm, c and a in units of fm~^) are constrained by the 
relations ( fT9l) . ( l23l) and ( IMl) . For the lowest state the obtained energies E2g and E^g are 
0.4 GeV and -0.15 GeV, respectively. 



Meson) 


Ml 


Ms 


Ms 




Mf^ 


<rl> 


< Ql 


(t(600) 


0.55 


1.28 


1.88 


0.55±0.2 


1.35±0.2 


0.65 


0.59 



1.5 0.77 



a 



a 



2.4 6.35 0.86 0.26 



m 



E 



0.14 0.90 



Using all constraints discussed above lead to a complete determination of all parameters 
of the model (with some uncertainties) for a given slope parameter b. The last open 
parameter b may be determined by the structure of the vacuum. For mesonic systems 
this is discussed in ref. [18] and leads to a description, in which all parameters of the 
model are fixed. 

The width of the state is given by the derivative of the momentum distribution, but 
threshold effects have to be included as well. The calculated mass distribution (without 
threshold effects) is given by the dot-dashed line in fig. 5. Using the threshold function 
from ref. |T9] with parameters Mo=0.55 GeV and r=0.55 GeV, a final mass distribution 
is obtained in good agreement with the shape of the cr(600) meson extracted experimen- 
tally [IE]. 

Finally, the resulting value of E of about 0.9 GeV is in reasonable agreement with the mean 
energy of scalar excitation including excited states, see table 2 (which shifts the energy 
from 0.55 GeV by several tenths of GeV). This can be taken as a further consistency check 
of our model. 

In summary, the inclusion of scalar two-boson coupling in QED leads to new properties of 
boson-exchange matrix elements, which allow a satisfactory description of basic properties 
of atomic and hadronic systems. For these very different bound states a large similarity 
in the relative shape of boson-exchange potentials is observed, but large differences in 
the dynamically generated confinement potential. This is consistent with the observation 
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that hadrons are confined but light atoms have only small binding energies of a few 
eV. The fact that small and large systems are described equally well, not dependent 
on fine-tuning, shows that the model is robust, important for a description of different 
fundamental forces. It appears that the present form of the Lagrangian (giving rise to 
static properties of bound states as well as dynamical features, which are missing in the 
SM and other extensions of it) is consistent with the general laws of nature, which require 
imperatively static as well as dynamic components for evolution. 

We are very grateful to P. Decowski, M. Dillig (deceased), A. Kupsc, and P. Raczka among 
many other colleagues for fruitful discussions, valuable comments and the help in formal 
derivations. Special thanks to P. Zupranski for numerous conversations and B. Loiseau 
for his help with the formulation of the Lagrangian. 
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Figure 1: Self-consistent solution for e~ —p bound state system (without p and e~ masses 
taken into account). Upper part: Low radius cut-off function fasi'f') (dashed line) and rel- 
ative shape of the interaction (120|) given by solid line in comparison with a pure Coulomb 
interaction (dot-dashed line). Middle part: Two-boson density and boson-exchange po- 
tential \V^g{r) / Cpot\ given by the overlapping dot-dashed and solid lines, respectively. 
Lower part: 'Confinement' potential V2g{r). 
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Figure 2: Self-consistent solution for e~ — p bound state system (including p and e" 
masses). Upper two parts: Two-boson density and boson-exchange potential |VJj*g/cpot| 
in r- and Q-spacc given by the overlapping dot-dashed and solid lines, respectively. 
Lower part: 'Confinement' potential V2g{r). 
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Figure 3: Self-consistent solution for a scalar state with mass=0.55 GeV and < >=0.65 
fm^. Upper part: Low radius cut-off function jasix^ and relative shape of the interac- 
tion (|20l) given by dashed and solid line, respectively. Lower two parts: Two-boson den- 
sity and boson-exchange potential \y^^lcyot\ given by the overlapping dot-dashed and solid 
lines, respectively, in r- and Q-space. 
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Figure 4: Deduced 'confinement' potential V2g{r) (solid line, multiplied by a factor of 3.7) 
in comparison with the data from lattice gauge calculations |17] . 
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Figure 5: Mass distribution (dot-dashed) and calculated spectral shape (solid line) of the 
scalar state with a mass of 0.55 GeV in comparison with the experimental results on the 
cr(600) meson from Bugg et al. [16]. 
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